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The widely used Objective Structured Clinical Examination (OSCE) is undoubtedly expensive. Cost-effectiveness is one of the components of the assessment utility index defining its usefulness. Our current financial climate demands increased transparency in the costs associated with medical education and it is now vital to ascertain how much is spent on assessments, such as the OSCE, and in particular costs associated with the different types of stations within the OSCE.

Methods
A retrospective case-study approach was used to identify all costs associated with the development, production, administration and post-examination phases of the 2013 final year MBChB OSCE at the University of Aberdeen, Scotland. This 15 station OSCE was held over 2 days for 185 students. 

Results
This OSCE cost £65,328 to run. Costs per station ranged from £3,108 (prescribing) to £6,577 (eye examination). The cost per student was £355. 
Discussion
The costs of a “high stakes” OSCE are sobering. The bulk of costs identified are not modifiable in light of what is currently known about the metrics of OSCE utility, particularly reliability and validity. 
Conclusion
Providers, and funders, of medical education must be prepared to assign significant resource to OSCE assessment and centres should be encouraged to calculate precise costs associated with assessment to inform resource allocation decisions.
Introduction 

Assessment is a resource-intensive part of medical education. Cost-effectiveness is one of the components of the assessment utility index, which defines the usefulness of an assessment as a product of its reliability, validity, cost-effectiveness, acceptability, feasibility and educational impact (van der Vleuten, 1996). However, while many billions of pounds, dollars, euros and so on are spent on medical education each year, there is little hard “evidence” about the costs of medical education generally (Walsh & Jaye, 2013) or the costs of assessment within medical education specifically.  Moreover, in the current climate of calls for increased transparency in medical education generally (Hebert et al., 2010) it is crucial to know what assessment actually costs, in order to ensure that the funding spent on medical education is spent in the most cost-effective way possible (Dacre  & Walsh, 2013). In this study, we report the costs of a “high stakes” Objective Structured Clinical Exam (OSCE). 
The Objective Structured Clinical Exam or OSCE is now used widely in medical and healthcare professions education worldwide (Harden et al., 1975; Mossey et al., 2001; Rushforth, 2007).  An OSCE typically involves candidates rotating round a set number of standardized stations performing demonstrable skills, with or without the involvement of a standardised patient, and examiners assessing candidate performance against objective structured checklists (Cusimano et al., 1994).  Equipment, accommodation, subsistence, patients (real or standardized) and staff time are all required at different stages of the OSCE process. A recent Best Evidence in Medical Education (BEME) review identified a small number of studies which reported on either the direct costs of an OSCE, or the combined direct and indirect costs (Patricio et al., 2013).  This distinction is important because, as stated by Carpenter (1995) and Kelly and Murphy (2004), the difference can be significant.  The review highlighted the difficulties in attributing costs to the OSCE at various stages of the design, testing, implementation and evaluation of stations as well as the associated administrative costs and “hidden” costs associated with this form of assessment.  While bearing this in mind, we were intrigued that no study in Patricio et al.’s review compared the cost of specific types of OSCE station.  We were also surprised at the (what seemed to us) relatively low cost per candidate per station identified (in retrospective studies of actual OSCEs, as opposed to abstract exercises), even taking into account that “low stakes” OSCEs have lower costs than “high stakes” ones (see also Carpenter, 1995; Feather & Kopelman, 1977).  Cost figures are, of course, related to the time period of the study and it was notable that most of the studies in the review were carried out in the 1990s (15-25 years ago).   Inflation will have certainly made its mark on actual costs since this time and it is unhelpful to have only out-of-date figures for reference if key stakeholders wish to question the resources allocated to medical education.  







In 2013, the University of Aberdeen (UoA), Scotland, held a two-day, 15-station, summative OSCE for final year students on its 5-year MBChB programme.  This is considered a “high stakes” OSCE as it is the final assessment hurdle medical students have to complete prior to graduation and starting work as a doctor.

For logistical reasons the 15 stations were divided into two days, eight on day one and seven on day two. The OSCE was held simultaneously on four sites within the same medical school building with six rotations of students at each site over the course of each day. A total of 185 students sat the OSCE. Each station lasted eight minutes with one minute reading time between stations. All stations were manned by an examiner except one station assessing prescribing which was marked separately by 1 overall examiner. There were three external examiners present during both days of the OSCE. Twelve of the fifteen stations involved either paid actors or unpaid volunteer or simulated patients (VP/SP). Each site had at least two site co-ordinators. There were also a number of standby examiners and standby VPs/SPs.  All questions were either newly written or substantially redrafted as this OSCE represented a change from previous final year OSCEs as the length of stations increased from five minutes to eight minutes. 

The 15 stations are described according to their main focus, such as communication skills, data interpretation, procedural skill or physical examination (See Table 1).

Data Collection
Costs were divided into: staff, consumables and equipment, travel and accommodation, venue, patient costs and other additional costs. Component costs for each station were identified as below. We used Reznick et al.’s (1993) four phases of the OSCE process for categorising data: development, production, administration, and post-examination reporting and analysis.   

Staff:
Staff time for exam development was calculated to include: question writing, production (administrators formatting and printing questions, and booking examiners), and testing. OSCE questions are conceived and written in their first draft, then sent for specialist review, grammatical checking and testing to ensure logistical viability, then to exam coordinator for review and lastly to the lead for assessment at the University and then external examiners for final approval. A representative sample of question writers and reviewers involved in senior years OSCEs at the UoA were asked to estimate how much time they spent writing or reviewing and testing OSCE questions.  This figure was then multiplied by an hourly rate based on the grade of staff then by the number of stations.  

Other staff time included: administration (technician set-up, administrative staff checking in students, VP/SP and examiners, site-coordinators), examining on the day and post-examination administration including scanning and analysis of Speedwell sheets (Cambridge, UK) (electronically read marking papers, http://www.speedwellsoftware.com (​http:​/​​/​www.speedwellsoftware.com​)) and the exam board meeting. Data were calculated based on the estimated number of hours involved and taken as self-report from staff and/or from documents such as examiner grids (grids showing names of examiners for which site and station) and assessment meeting minutes. All examiners were expected to have completed the UoA online OSCE examiner training package which we estimated takes around one hour to complete: this time was included in the cost calculation.
 
Estimated staff salaries, including ‘up costs’ (national insurance, holiday accrual and pension contributions which constitute approximately 26% of gross salaries), were obtained from the MBChB administrative team. All academic and support staff at the UoA have an assigned pay grade which is divided into a number of “spine points”. Grades of all staff involved at all phases were identified and the spine point was used to calculate staff costs. Similarly, clinical staff grades were identified and salaries were calculated based on staff being at the highest point of their respective pay scale for their level e.g. speciality trainee or consultant - to ensure consistency in approach. 

Simulated/Volunteer patients & Actors:
The number of hours of simulated and volunteer patient time was calculated from exam grids taking into account training time (development phase) and the day of the exam (administration phase). Personal communications from the UK Council of Clinical Communication advised that rates of pay vary from no fee up to £230 per day for an OSCE (UKCCC, 2014). We used £230 for the VP/SP OSCE and £20/hour for VP/SP training for calculating the potential cost. Costs of paid actors used in the depression history taking station (administration) were identified as per staff costs above.
 
Consumables and equipment:
Consumables and equipment were identified by analysing each stage of the examination and listing all equipment that was required.  This ranged from paper and printing (production) to station-specific consumables, such as venflons, used in the administration phase. In the production phase questions are formatted and sent to examiners prior to the exam with answer sheets printed onto Speedwell sheets costs of which are calculated as per consumables and equipment below. Costs were obtained from retrospective invoices pertaining to the examination. Where other individual item costs were required (e.g. prescription paper) these were obtained from university/NHS ordering codes.

Travel and accommodation:
Patient and examiner travel costs and examiner accommodation costs were obtained from invoices and categorised under the administration phase.

Venue:
Room hire costs were estimated from the hire costs for external agencies and calculated on a room-by-room basis from site maps pertaining to the examination (i.e. the administration phase) or from training events (development phase). These costs include utility costs (e.g., heating).

Additional costs:
There are a number of costs associated with running any OSCE including for example the initial purchase of the Speedwell machine for reading papers (£5,495), and the software license for this (£700/year); the costs of furniture and examination beds or trolleys would also be initial outlays. The proportionate cost of these items for this particular OSCE is impossible to estimate; therefore these figures have not been taken into account in our final calculations.

Results




Station specific costs 
Tables 1&2B identify particular costs for particular types of station. All stations incur a fixed cost no matter what type of station (£2,470), plus a station specific cost depending on staff/equipment/VP/SP involvement or whether examiners were present or not ranging from a total cost of £3,108 (prescribing) to £6,577 (eye examination). 
Cost per student 
The crude cost per student based on 185 students sitting the examination is £355 or £483 if VP/SP and room costs are included. Obviously some costs are proportional to the number of students sitting the examination whereas others, such as question writing, are fixed and not dependent on number of students sitting the examination.
Total cost
The total cost of this final year, “high stakes” OSCE to our institution was calculated at £65,726. If resources that our institution does not currently pay for directly were taken into account, this would rise to £89,471. This estimation is conservative as other ‘hidden’ costs may not have been included (e.g., laundering of linen for clinical examination stations, or disposal of clinical waste).
Discussion
In this contemporary study of OSCE cost, the first to compare the cost of specific types of OSCE station, we identified that a high stakes OSCE at a medium-sized medical school costs over £65,000 in direct costs while hidden costs could add approximately 27% onto this estimate.  We found that the main cost in an OSCE is examiner time, the next most costly item is non-examiner staff time required during the development, production, administration and post-exam phases of the assessment. Our evaluation also identified that stations involving an examiner plus a VP/SP were very similar in cost, while those involving an examiner and an actor were the most expensive, due to the difference in SP/VP and actor costs.  
Does this assessment give value for money?  The costs to society and the profession of false negatives (failing a competent doctor) or even more so false positives (passing an incompetent doctor) are high.  It is critical that medical schools distinguish correctly between competent and not yet competent students in assessments which are valid, reliable, acceptable and feasible (van der Vleuten, 1996).
Could cost savings be made in an OSCE?  Given the main cost is examiner time, could “gold standard” (typically consultant grade medical doctors) be replaced by alternative examiners?  Unfortunately, what evidence does exist is not convincing: SP examiners, for example, while acceptable to medical students, rate students higher than medical examiners and, unlike medical examiner scores, SP scores are not related to other measures of competence (McLaughlin et al., 2006; Wilkinson & Fontaine, 2002; Martin et al., 1996; Rothman & Cusimano, 2000).
A different approach to the traditional OSCE style may be appropriate.  For example a sequential OSCE may offer advantages in terms of reducing costs. In the sequential OSCE, all students sit day one of an OSCE and candidates who achieve a clear pass do not sit day two. Cookson et al. (2011) estimated that moving from eight long cases and 12 OSCE stations (with only the examiner and VP/SP fees included) to a sequential design of four long cases and six OSCE stations would save approximately one-third of the original cost (estimated savings of £30, 000 compared to £85,500 for the full OSCE). Pell et al. (2013) also estimated cost savings from utilizing the sequential design, including station specific marginal costs (e.g. SP/VPs and consumables), a reduction in the number of support staff needed for coordination (cost involved is the opportunity cost of other tasks they could be doing for the institution) and a reduction in the number of assessors required.  However, validity may be problematic: any exam should contain representative sampling of what the students are expected to have achieved in terms of subject matter and educational objectives, which may not be possible if station numbers are reduced (Barman et al., 2005). We were unable to postulate any cost savings that may be made by sequential OSCE with our exam as we did not investigate the outcomes - in terms of sensitivity and specificity - of adopting a sequential OSCE approach using different numbers of screening stations and step-wise changes in the pass mark (Currie et al., in submission).
Should the number of stations in a standard OSCE be reduced?  This would have to be approached with caution given that OSCE reliability is related to the number of stations (Brannick et al., 2011) as well as examiner experience and training (Martin et al., 1996), SP/VP training and the use of checklists.   
Could some of the outcomes assessed in an OSCE be appropriately examined using other, less costly, assessment methods such as written exams?  Yes, some, but not all, outcomes such as data interpretation could be examined using cheaper alternatives such as written exams. OSCE examinations allow students to demonstrate skills (“shows how” in Miller’s pyramid) (Miller, 1990). Outcomes such as clinical examination or practical procedures could be assessed using a ‘Clinical skills passport’ or Work Placed Based Assessments which would show competence in real situations (“does” in Miller’s pyramid).  These instruments lack standardization, but more importantly require training and time in clinical situations which may be not be any cheaper. 
So, are there areas where cost savings might be made, without significant impact on validity, reliability, feasibility and educational impact (van der Vleuten, 1996)?  Our analysis indicated a number of potential cost-savings which would be unlikely to impact on the other utility metrics of an OSCE. These include reducing consumables (e.g. using an iPad app for marking, removing both consumable and administrator costs); paperless communication with examiners and other participants; using administrative staff rather than clinical staff as site-coordinators; and reusing or sharing stations with other institutions (to reduce the costs involved in the writing and testing phases of question development) (Patricio et al., 2013), although this is likely to be a small proportion of total costs.  It is also interesting to note that the production costs for our examination, based on all stations being written from scratch represents only a small proportion of the overall costs of this examination.
Running an OSCE is similar to running a theatre production: significant costs are seen in the development, production, administration and post-production phases (Reznick et al., 1993). We have attempted to identify all associated costs with running an OSCE, however, as this was the first time the OSCE was run, examination costs will be higher than would be the case for an OSCE were a substantial proportion of stations used previously. We have tried to include the costs associated with piloting stations but realise that rejected stations are difficult to account for (even though they may result in significant costs over the years). It is also well recognised that stations have a finite life span; sometimes stations are utilised for several years then retired; others are modified and utilised years later; the OSCE also contributes to some of the ‘wear and tear’ of clinical skills equipment for which costs are difficult to attribute (Ker et al., 2010).  This study scrutinised one OSCE in one medical school at one point in time and hence the findings may not be generalizable across all contexts.  However, we have provided clear detail of our methodology to enable others to replicate this study in their own institutions.
In conclusion, our study has given new insight into precisely where some of the money spent on medical education each year goes. The costs of a “high stakes” final year OSCE are sobering.  The bulk of these costs are not modifiable without jeopardising reliability and validity.  The OSCE is a valuable tool which allows students to “show how” they would act in clinical situations with good validity and reliability.  Its popularity is testament to its utility and to the lack of other appropriate assessment tools that assess clinical skills. Providers, and funders, of medical education and assessment must therefore be prepared to assign significant resource to OSCE assessment whilst maximising cost-effectiveness in their OSCE design. Centres should be encouraged to calculate precise costs associated with assessment to inform resource allocation decisions, plan realistic economies, and to enable comparisons across different settings.
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Practice Points
	Our retrospective case study analysis identified that the costs of a “high stakes” OSCE are sobering. 
	Most of these costs are not modifiable in light of what is currently known about the other metrics of OSCE utility.
	Providers and funders of medical education must be prepared to assign significant resources to OSCE assessment and consider cost-effectiveness as a measure of the OSCE’s overall utility.
	Centres should be encouraged to calculate precise costs associated with assessment to inform resource allocation decisions, plan realistic economies and enable comparisons across different settings.
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